N eedlestick injuries among health care workers are a recognized occupational health hazard. However, recently there has been an increase in awareness and concern. resulting in demands for action from a variety of sources: unions, employers, manufacturers, legislators. and governmental agencies. Historically. many interventions have been attempted. including rigid disposal containers (placement. type). training (risks of disease. proper needle use and disposal). policy implementation (BBP exposure, mandated reporting). and replacement of traditional devices with "safer" ones (needleless intravenous [IV] connectors. prefilled syringes).
The Occupational Safety and Health Administration (OSHA) hierarchy of controls emphasizes engineering controls. administrative controls. and personal protective equipment. As an engineering control. safer needle devices have been purchased and implemented in health care facilities. Issues of efficacy. cost effectiveness. and user satisfaction of these devices have been debated in peer reviewed scientific research articles. Generally. the findings have varied for every device evaluated.
In 1991. the Bloodborne Pathogens Standard (CFR 1910 (CFR .1030 ) was passed and became effective in 1992. This Standard created awareness about the risks incurred during any bloodborne pathogens exposure. including a needles tick injury. The Standard requires various engineering strategies. such as proper needle disposal container placement. This requirement has necessitated actions and policy development by employers of health care organizations. The Standard also requires the development of exposure control plans, which facilitates a more efficient response to needlestick injuries. Finally, the Standard states that "engineering and work practice controls shall be used to eliminate or minimize employee exposure" [paragraph (d) (2)(i)]. Safer needle devices have become an integral part of many health care settings' plans in striving to eliminate or minimize their employees' exposure to pathogens via needlestick injury.
In addition. the literature identifies important factors beyond the jurisdiction of OSHA enforcement integral to the success of needlestick injury prevention strategies. These include hazard risk assessment of needlestick injury trends, determining site specific intervention strategies. educating and training users. encouraging the reporting of needlestick incidents. completing follow up, offering administrative support. and conducting trial investigations of safer devices.
This report (see Sidebar on next page) presents the findings of an extensive literature review concerning needles tick injuries:
• Needlestick injury rates and trends, and • Current scientific findings related to safer needle devices and their effectiveness in reducing needlestick incidents.
NEEDLESTICK INJURY RATES ANDTRENDS National Scope of the Problem
Estimating the scope of needlestick injuries within
OSHA's Nurse Intern Program: A Unique Opportunity
In spring 1998, Carolyn Porta arrived in Washington, DC to begin the Nurse Intern program at the Occupational Safety and Health Administration (OSHA). In doing so, she joined the ranks of over 50 graduate nursing students who have been selected from a national competition to participate in this unique partnership between OSHA and the academic centers where occupational health nurses are educated.
The OSHA Nurse Intern Program was begun in 1989 by Patricia Bertsche who was, at that time, the only occupational health nurse in the agency. Realizing that:
• Occupational health nurses had a unique contribution to make to OSHA's mission;
• Little hope existed for additional resources for an agency that was traditionally "under the gun" to hold down expenses; and • She was only one person, Ms. Bertsche resolved to expand the opportunities for occupational health nursing by creating a Nurse Intern program.
She aggressively sought funding for this endeavor and insisted that such funding be in parity with the occupational medical residents, who had a similar program in place for a number of years. Ms. Bertsche's diligence and vision have resulted in a highly successful program.
Today, the OSHA Nurse Intern Program is managed by Elise Handelman, Director of the Office of Occupational Health Nursing at OSHA. The relationships with various universities forged by Ms. Bertsche have been nurtured by Ms. Handelman. The program has grown from its early roots and now boasts candidates from universities throughout the United States with programs in occupational and public health nursing.
Projects for the nurse interns are designed to match the needs of OSHA with expertise the interns bring from their work experience and academic background. Frequently, the nurse intern projects are related to controversial and "high visibility" areas of the agency's work. Ms. Porta's project was no exception. Her article, "Needlestick Injuries Among Health Care Workers: A Literature Review," is distilled from research done during her internship. Information similar to that in her article was researched, digested, and presented to OSHA staff struggling with significant policy decisions related to the issue of safer needle devices.
Much has happened since Ms. Porta presented her findings at OSHA. Changes have been made, policies decided, and actions taken. The research from Ms. Porta's work was a tool used to carve out the work of the agency. This link between a dedicated student, a supportive educational institution, an innovative federal agency, and resourceful mentors within that agency enhances quality decisions and inspires future liaisons in the world of occupational health. OSHA's Nurse Intern Program represents a unique opportunity for all involved, with the Ultimate benefit going to the workers' health and safety.
Formoreinformation about OSHA:S Nurse Intern Program. visit the website at http://www. 693-2120. the United States is difficult. The statistics. though vague and inconclusive. demonstrate the existence of a serious problem. Recent research by the Centers for Disease Control and Prevention (CDC) suggests 800,000 exposure incidents occur annually (including needlesticks, spills, lacerations, etc.). Moreover, there are 400,000 annual needlesticks among the 4 million health care workers in the United States (CDC. 1997a). The I in 10 ratio has been reproduced by other statisticians. A memo supporting these figures has been submitted into the docket currently collecting data on needlesticks (OSHA, 1998) . The CDC (1997a) has tracked HIV seroconversion of workers and these data also have been used as indirect indicators of the exposure problem.
Lack of NatIonal Data
No national databases exist to track or tabulate data about needlestick injuries. OSHA does retain records of needlestick injuries falling within the guiding definitions 238 of recordable injury. However. the current definition is narrow and, according to EPINet (1997) , most needlestick injuries are not recordable on the OSHA 200 log and subsequently. are not identified by the Bureau of Labor Statistics (BLS). The International Health Care Worker Safety Center uses EPINet, a database containing needlestick data from 70 hospitals in the United States. Data have been collected using EPINet since 1992, and are categorized into factors such as job category, place of occurrence. contamination, original purpose, how the injury occurred. device used, and whether or not the device had a safety mechanism. Data from 1993 to 1995 focusing on the devices used during a needlestick injury indicate 93% of all reported devices causing injury did not have any type of safety design. While EPINet is valuable in understanding the circumstances surrounding needlestick injuries. it does not provide worksite specific rates and is currently limited to traditional hospital settings that self select to participate.
The CDC has begun to collect needlestick data as part of the National Surveillance System for Hospital Health Care Workers (NaSH) (CDC, 1998) . This surveillance system is new, with five hospitals currently participating. The summary report for data collected from June 1995 through December 1997 indicates that of 1,561 reported exposures, 1,325 (85%) were percutaneous. Of the percutaneous exposures, 433 were caused by syringe needles, 252 by butterfly needles, 101 by suture needles, and the rest by a variety of devices. Ninety-eight percent (1,246) of the percutaneous injuries occurred using standard devices without a safety feature. Of the 2% (30 injuries) with a safety feature device, 80% required activation of the safety feature by the health care worker. These data will be more useful in the future as the database expands.
Literature Overview
The literature reviewed focused on hospital sites and may not be representative or generalizable to other health care settings such as nursing homes, home health care sites, clinics, and emergency response units. Over 50 scientific research articles published between 1990 and 1998, Internet resources, and personal resources were reviewed. The studies reviewed varied in duration from 1 month to 5 years in rural and urban hospitals with bed capacities ranging from 103 to 1,200 (see Table 1 ).
Findings from the descriptive studies identified nurses at higher risk of needlestick injury from a variety of devices, including syringes and IV equipment (Briefings on Hospital Safety, 1995; CDC, 1997b; Corser, 1998; Culver, 1997; English, 1992; Haiduven, 1992; Patel, 1997; Ramsey, 1996; Zuckerman, 1995) . Despite the prohibition of recapping needles in the Bloodborne Pathogens Standard, the research indicates that recapping continues to be an identified cause of injury. An overall emphasis on comprehensive strategies targeting needlestick injury prevention and encouraging continued research into the development of passive safer needle device technology was made by various authors. Limitations to these studies include the lack of comparison data, self reporting surveys, and reliance on hospital records for analysis.
Prospective studies indicated decreased rates of injuries with the use of safer needle devices, as described in Table 1 ( CDC, 1997a; Lawrence, 1997; L'Ecuyer, 1996; Linnemann, 1991; MacPherson, 1996; Mulherin, 1996; Orenstein, 1995; Skolnick, 1993; Whitby, 1991; Yassi, 1995; Younger, 1993) . Limitations to the prospective studies included difficulty ensuring safer devices were actually used (and used properly), self reporting surveys, possible Hawthorne effects, underreporting of injuries, and inconsistent denominator data. The following describes specific problems identified while conducting the literature review.
Denominator Dilemma
The lack of a universal denominator presents difficulties arriving at a collective, or national, needlestick injury rate. Because data are organized using different JUNE 1999, VOL. 47, NO.6 denominators, it is difficult to compare individual findings and arrive at a "standard" needlestick injury rate. Researchers have used a variety of methods to evaluate needlestick injury rates. Only 10 of the studies reviewed calculated needlestick injury rates. Four of the 10 studies used a denominator focused on employees working or number of staff per year. However, attempts to synthesize the various denominators did not provide meaningful information given the different foci of the denominators. The various denominators used include: • Injuries per 1,000 employees per year (Linnemann, 1991) • Injuries per 100 nursing staff per year (Whitby, 1991) • Injuries per 1,000 health care worker days (Orenstein, 1995) • Injuries per 100 FTE (Lawrence, 1997) • Injuries per 100,000 inventory units (Patel, 1997; Younger, 1993) • Injuries per 1,000 patient days (L'Ecuyer, 1996) • Injuries per average daily census (Haiduven, 1992) • Injuries per 100,000 procedures (CDC, 1997b)
Underreportlng
Underreporting of needlestick mjunes is another confounder to determining a national injury rate and further understanding the scope of the problem. The research addressing underreporting cited rates ranging from 21% to 95%. The CDC (1997b) found a rate of 46% underreporting and the other studies noting underreporting (EPINet, 1997; Lawrence, 1997; MacPherson, 1996; Ramsey, 1996; Whitby, 1991) had similar rates (20% to 50%). Underreporting is most commonly estimated using self report survey methods combined with evaluation of device use or reviewing of disposal container contents to determine if safety mechanisms, when available, were used. Whitby (1991) completed a prospective study which identified improved reporting following specific interventions (reduced underreporting from 64% to 26%). The self reported rates of needlestick injuries were validated using retrospective observations and documented injury incidents. Other researchers did not validate the self reported data. Subsequently, rates of underreporting are estimates at best. However, the estimates that exist support substantial underreporting of needlesticks. This increases the difficulty in identifying an accurate national needlestick incidence rate.
SAFER NEEDLE DEVICES
Since the early 1980s, there have been more than 1,000 U.S. patents issued in the area of needlestick prevention technology (Kelly, 1996) . Manufacturers have attempted to improve needle devices, recognizing the imperfect nature of traditional devices and the need for safer mechanisms. While some scientific literature contains findings of little or no improvement when safer devices have been adopted (MacPherson, 1996; Whitby, 1991) , many published studies do support drastic improvements in safety and reductions in reported needlestick injuries (Gartner, 1992; Lawrence, 1997; Orenstein, 1995; Ribner, 1990; ). Among six research Ribner (1990) Nursing and ancillary staff Prospective descriptive Impact of education 103 bed size surveillance program on recapping needles 1988·1990 Linneman (1991) All employees Prospective pre-and Impact of infection control 700 bed size post-surveillance programs on reported 1986 to 1988 needlesticks Whitby (1991) Nursing and other hospital Prospective pre-and Impact of device on education personnel post-surveillance and reported needlesticks 1,200 bed size 1985-1988 Haiduven (1992) All employees reporting Descriptive pre-and Impact of comprehensive needlesticks post-surveillance program on needlestick reduction 588 bed size 1986·1990 Gartner (1992) Hospital staff Retro/prospective Impact of needleless IV system 500 bed size surveillance on injuries 6 months Skolnick (1993) Two nursing units Pre-and post Impact of needleless IV system 370 bed size surveillance on needlestick injuries 6 months Younger (1993) All employees Prospective pre-and Impact of 3 mL safety 3 medical centers post-surveillance syringe on injuries 120 days Orenstein (1995) All nursing and medical Prospective pre-and Cost and effectiveness {'taff on 6 units post-surveillance of two safety devices 900 bed size 1 year study Yassi (1995) Entire hospital Prospective pre-and Impact of needless IV system 1,100 bed size post-surveillance on injuries 1991-1993 Zuckerman (1995) N [1989] [1990] [1991] 1993 Table 2 ). One study had an overall increase, in part explained by increased reporting, though the number of injuries attributed to recapping decreased (Whitby, 1991) . It is important to acknowledge the limitations inherent to each of these studies, such as extracting data from hospital records and obtaining self reported data. In spite of these limitations, some generalizations can be made about safer devices. First, simply the presence of a "safe" mechanism is not enough to guarantee that a device is, in fact, safer than traditional products. A few of the studies evaluated disposal container contents and noted that although safer devices were used, the safety feature was not necessarily used or activated (CDC, 1997b; Mulherin, 1996; Ribner, 1990) . Researchers recommend designing a safer device with passive mechanisms of action, rather than requiring the user to "do something" or to add a step in their work procedure.
Second, the majority of the studies focused on three basic devices: IV equipment, suture needles, and hollow bore needles. Various rates of injury were documented using pre-and post-interventions or case/control research designs. Generally, the IV needleless systems have been more easily adopted and accepted by users. Needleless IV systems allow for connective tubing to be blunt and plastic. A needle is only needed when the IV needle is inserted into the skin (Kempen, 1997; Lawrence, 1997; L'Ecuyer, 1996; MacPherson, 1996; Prince, 1994; Rutowski, 1993; Skolnick, 1993; Yassi, 1995) .
Suture needles offer great potential for disease trans-242 mission, used directly on a patient at the site of trauma or surgical repair (CDC, 1997a; Hartley, 1996) . The studies about the use of blunt suture needles show significant reductions in needlestick injuries, although their use is limited to certain surgical procedures. Hollow bore needles, used primarily by nurses for injections and blood draws, can not be eliminated or produced in a "blunt" form. Design strategies have focused on needle retracting mechanisms, eliminating recapping, and one step safety mechanisms. Study findings range from highly successful in reducing injuries (Younger, 1993) to reported dissatisfaction and consequent lack of use by staff (Mulherin, 1996) . Many of the studies concluded with suggestions for additional research and trials to determine strategies that will enhance acceptability and implementation of the devices. Also, enhanced use of passive mechanisms is encouraged so health care workers are not required to alter behaviors (i.e., avoid recapping) to receive protection.
Third, some studies examined safer needle devices according to cost efficiency (Briefings on Hospital Safety, 1995; Gartner, 1992; Jagger, 1990; MacPherson, 1996; Orenstein, 1995; Skolnick, 1993; Yassi, 1995) . The direct purchasing costs associated with the safer needle devices were greater than those of traditional devices. While multiple costs and benefits were identified in these studies, there was little consistency in which factors were measured, making it difficult to compare conclusions related to the costs and benefits of the devices. Across the studies reviewed, a range of 10 to 30 cent unit price increases with the safer needle devices was identified. However, to compare study findings, there is a need for using standard economic frameworks such as the human capitol method to facilitate understanding of the indirect and direct costs associated with safer needle devices (Rice, 1989) .
Fourth, the satisfaction of the anticipated user is paramount to the success of safer needle devices. Several studies introduced safer needle devices and followed up with staff surveys (CDC, 1997b; Lawrence, 1997; Mulherin, 1996) . These studies found dissatisfaction with the devices and, given the choice, many users resorted to traditional devices. This undesirable outcome was more likely when training was minimal and users were not participants in device selection. When training periods were provided and time was allotted to practice and gain confidence using the new product, satisfaction among the users was higher. Clearly, the efficacy of the device is vital; a well liked device that does not offer any greater protection to the user is pointless. Ideally, a selected safer needle device is effective, efficient, and accepted among the health care workers it is designed to protect.
CONCLUSION
Needlestick injuries continue to pose serious problems for health care workers in the United States. Multiple strategies have been implemented and evaluated in an attempt to reduce the risk and subsequent rate of needlestick incidents. In addition to needleless IV systems and blunt suture needles, safer needle devices have been developed in response to an occupational health problem: the seroconversion of health care workers following needlestick injuries. However, simple product substitution is not enough to address the problem. The literature reviewed supports comprehensive injury prevention and control strategies in conjunction with the use of a safer needle device. Strategies used may include collecting and analyzing needlestick injury data, evaluating work loads of those at greatest risk, ensuring administrative and policy support, involving key players in considering alternative intervening strategies (education, engineering, and enforcement), and providing careful training and evaluation when a new product is selected and used. Health care organizations need to be encouraged to assess their indi-vidual worksites to identify hazards and to select products most likely to correct the problem. Future research should seek to clarify accurate needlestick injury rates among health care workers, as well as address the risks for health care workers in settings other than hospitals. Emergency medical personnel are an example of workers who face unique situations, such as ambulance runs, that place them at great risk for needlestick injury.
Future study methods need to incorporate multiple strategies that avoid the limitations inherent in self reported data. Finally, future research should continue to evaluate comprehensive interventions that seek to ultimately engineer out the risk of needlestick injuries for health care workers.
This research was conducted during an internship in the office of Occupational Health Nursing in the Directorate of Technical Support at OSHA's National Office in Washington, DC. The statements and opinions in the article do not represent the views or opinions of OSHA and should not be interpreted as such. Further information on this subject can be obtained from the OSHA website (http://www.osha.gov). The website contains information about needlesticks, including the newly published Safer Needle Device Manual.
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Needlestick injuries among health care workers are a recognized health hazard, with 400,000 needlesticks occurring annually among the 4 mil/ion health care workers in the United States.
Exsiting needlestick injury literature primarily focuses on hospital sites and may not be generalizable to other health care settings such as nursing homes, home health care sites, clinics, and emergency response units.
Nurses were at high risk of needlestick injury from syringes and IV equipment relative to the other health care workers. Recapping, prohibited by the OSHA Bloodborne Pathogens Standard, continues to be an identified cause of injury.
The literature supports comprehensive injury prevention and control strategies in conjunction with the use of safer needle devices. Health care organizations should assess their worksites to identify hazards and select products and stategies to correct the problem.
